Abstract: An environmentally benign method for the preparation of 2-amino-5-substituted-1,3,4-oxadiazoles (1a-n) at platinum electrode through the electrooxidation of semicarbazone at room temperature is reported. The electrolysis were carried out at controlled potential in acetic acid solvent using lithium perchlorate as supporting electrolyte in an undivided cell assembly. Square shaped plates of platinum were used for working as well as counter electrode and a third electrode saturated calomel electrode was used as a reference electrode for the measurement of potential difference between two electrodes during the electrolysis.
Introduction
2-Amino-5-substituted-1,3,4-oxadiazoles are of considerable pharmaceutical and material interest, which is documented by steadily increasing numbers of publications and patents. 1,3,4-Oxadiazoles have been found to exhibit diverse biological activities such as antibacterial [1] [2] [3] , anti-HIV [1] [2] [3] , anti-microbial [1] [2] [3] , anti-fungal 4, 5 , anti-inflammatory 6 , hypotensive 7 , muscle relaxant 8 and antimitotic activity 9 .
Methods for the synthesis of oxadiazoles [10] [11] [12] [13] [14] (1) include bromine oxidation of semicarbazide derivative and the cyclodesulfurisation of acylthiosemicarbazide derivative in solution using I 2 /NaOH or 1,3-dicyclohexylcarbodimide (DCC) [15] [16] [17] [18] [19] as well as mercury (II) acetate [Hg(OAc) 2 ] or yellow mercury (II) oxide HgO [20] [21] [22] . All these methods are usually carried out in various different synthetic steps and require heating. The handling of these reagents is not only difficult but also hazardous to the environment. Each stage of the reaction including extraction and purification of the products from the mixture requires great precautions. Evans 23 has synthesized a similar cyclized product by rapid parallel synthesis in efficient one-pot preparation using resin-bound reagents.
Experimental
The purity of the synthesized compounds were ascertained by thin layer chromatography (TLC) on silica gel G 60 F 254 in various solvent systems using iodine vapor to stain products as detecting agent. All melting points were determined in open capillaries and were uncorrected. Infra red spectra were recorded on a Shimadzu 8201 PC IR spectrophotometer in KBr pellets and reported in cm -1 .
1 H NMR and 13 C NMR spectra were measured at room temperature on Bruker DRX 300 MHz FT spectrometers, with tetramethylsilane (TMS) and CDCl 3 or C 6 D 6 as internal standards. Carbon multiplities were assigned by DEPT techniques. The signals are described as singlet (s), doublet (d), triplet (t), quartet (q) and multiplet (m). Microanalyses were carried out in the Elementar Vario EL III.
General procedure for the preparation of 2-amino-5-substituted-1,3,4-oxadiazoles (1a-n)
Semicarbazide hydrochloride (3) (2.0 g, 17.92 mmol) and sodium acetate (1.0 g, 12.19 mmol) was dissolved in 20 mL water. Then aldehyde (2) (1.0 g, 6.08 mmol) was added with continuous stirring. The mixture was left overnight, which gave semicarbazone (4) as a solid for the electrolysis. Semicarbazone (4) (2.0 g, 10.12 mmol) was dissolved in 200 mL acetic acid and lithium perchlorate (0.106 g, 0.76 mmol) was dissolved in the above solution to maintain the strength of supporting electrolyte 0.001 M.
Electrolysis
Preparative scale controlled potential electrolysis [24] [25] [26] [27] [28] was performed at room temperature in 250 mL three-electrode cell assembly with platinum plate as working as well as counter electrode and saturated calomel electrode (SCE) as reference electrode. Magnetic stirrer was used for efficient mixing of reaction mixture. Solid products formed on electrode do not adhere to the electrode surface due to continuous stirring. All the electrolysis experiments were carried out at their corresponding oxidation potentials and were completed in 3 to 5 h. After which no oxidation product was seen to diffuse in the bulk. All the products were solid and coloured and entirely different from the starting compound. The current potential data was recorded with the help of a potentiostat at intervals of 15 min ( The products were extracted from the acetic acid solution to chloroform by the simple solvent extraction technique. The two-immiscible layers of acetic acid and chloroform were shaken in a separatory funnel and allowed to settle down. After some time the chloroform layer containing the product oxadiazole, was removed. The extracted chloroform layer was separate out with the help of rotatory evaporator and oxadiazole (1a-n) were obtained in the excellent yield and purity was checked by the TLC. The product oxadiazole can also be separate out from the reaction solution with the help of column chromatography without using chloroform. This is a more time taking process in comparison to extraction process. 
The physical and spectral data of the compounds (1a-n)
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Results and Discussion
An environmentally benign synthetic method to produce 2-amino-5-substituted-1,3, 4-oxadiazoles would be highly attractive. We have synthesized 2-amino-5-substituted-1,3, 4-oxadiazole (1) derivatives through the electrooxidation of semicarbazone (4) at a platinum electrode in controlled potential electrolysis. The reaction sequences employed for the synthesis of title compound is shown in the Scheme 1. This electrochemical cyclization gives the oxadiazoles without requirement of any hazardous reagents. We have used acetic acid as a solvent and lithium perchlorate (LiClO 4 ) (0.001 M) as an electrolyte that can be handled very easily without major precautions. 
Scheme 2
However, to induce such cyclizations electrolytically has various merits. The electrochemical oxidation reactions do not require oxidizing chemicals because the oxidation takes place at the electrode and, furthermore, can be performed under mild conditions, e.g., at room temperature. Application of electricity as a non conventional energy source for activation of reactants in suitable solvents has now gained popularity over the usual homogeneous and heterogeneous reactions. It provides chemical processes with special attributes, such as enhanced reaction rate, higher yield of pure products, better selectivity and several ecofriendly advantages.
Mechanistic proposals
The first step as shown in Scheme 2 represents the deprotonation of (4) to form an anion (4a), which rearranges itself into (4b) and evolves a free radical (4c) after one electron oxidation. Subsequent second electron oxidation from the free radical (4c) gives a carbocation (4d). The formation of carbon oxygen bond completes the ring. On loosing a proton in the last step 2-amino-5-substituted-1,3,4-oxadiazole (1) is obtained.
2-Amino-5-substituted-1,3,4-oxadiazoles have been synthesized in excellent yields using the synthetic route outlined in Scheme 1. IR, 1 H NMR, 13 C NMR and mass spectral data are in good agreement with the proposed structures of all the synthesized compounds. Lack of 1 H NMR resonances observed with NH and NH 2 functions in the 1 H NMR spectrum of (1a-n) proved that ring closure starting from (4) resulted in the formation of 1,3,4-oxadiazole ring. This was further substantiated by the 13 C NMR data of (1) which showed the peaks at δ 170-173 and 145-150 due to C 2 and C 5 of oxadiazole respectively. Infra red spectrum shows 1600-1620 cm -1 for (C=N-N=C) and 1063-1073 cm -1 for (C-O-C) in the compounds (1a-n) which confirmed the synthesis of 1,3,4-oxadiazoles.
Conclusion
In conclusion we have developed a convenient method for the synthesis of novel 2-amino-5-substituted-1,3,4-oxadiazole derivatives in excellent yields which is not so easy to achieve by chemical methods. In the present electrolytic method, electrolysis was carried out at ordinary temperature and no hazardous chemicals were used. Therefore the method is environmentally benign and the great contribution in the field of green chemistry.
